The internal mixing twin-fluid atomizer, used in many industries, is a sort of twin-fluid atomizer which disintegrates liquid in the atmosphere after mixing liquid and gas within a mixing chamber. However, few investigations of the atomizer having a throat or an orifice port and a mixing chamber have been reported.
In this paper, the discharge coefficient of this type of atomizer is investigted experimentally.
The gas-liquid two-phase mixture was treated as a compressible and homogeneous fluid, and the critical pressure Pc and the acoustic velocity were taken into consideration to determine the discharge coefficient. Twoempirical formulas of the discharge coefficient Co were obtained for the gas-liquid twophase jet, as follows:
(a) Pc<1 Kg/cm2 (subsonic region) C0=0 . Here, the experimental region is 0^=33-180 kg/hr, m=0.001-0.23.
Introducti on
The internal mixing twin-fluid atomizer is a sort of twin-fluid atomizer which disintegrates liquid after mixing liquid and gas within a mixing chamber and ejecting the mixture into the open air through an orifice. Atomizers which have a throat or an orifice port have been used in many industries owing to their flexible characteristics, i.e., their wide throat area ratio-adaptable even for viscid liquids and slurries-and for wide turn-down ratio when used as a burner.
Many investigations
have been reported on the external mixing twin-fluid atomizer but few on the internal mixing type. Mullinger4) has investigated internal mixing atomizers which have neither throat nor orifice but a rather straight or divergent mixing chamber. However, his work is not applicable enough to the internal mixing atomizers investigated in the present paper. Manyinvestigations have been proposed concerning gas-liquid two-phase flow in the fields of engineering with respect to a bubble tower, a nuclear furnace, a boiler and so on. However, only a few have been Received May22, 1978 . Correspondence concerning this article should be addressed to T. Sakai.
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reported on the flow rate of the turbulent two-phase flow jet issuing through an orifice port.
Yasuda et al.9) reported gas-liquid two-phase flow rate through an orifice in a vertical pipe, considered as a homogeneousmixture but not jet flow into the atmosphere. Mori and others3) have investigated in detail the propagation of shock wave or acoustic wave. In their papers, it is pointed out that the propagation speed in a gas-liquid two-phase mixture may be as low as about 10m/sec, depending on the condition. The gas-liquid two-phase flow should be compressible when it is considered as a homogeneous fluid. Tangren et al.7) reported on the shock wave propagation speed in a two-phase flow and pointed out that the acoustic velocity should be considered for predicting the flow rate of a two-phase jet.
In this paper, the propagation speed of shock wave or the acoustic velocity and the critical pressure in a two-phase flow were taken into account and the discharge coefficient of a straight hole orifice was investigated experimentally. The two-phase fluid was treated as a homogeneous compressible fluid and the relations are investigated between the discharge coefficients and the operating conditions, such as the mixing ratio of gas to liquid, individual and total flow rates for two phase, the pressure in the mixing chamber and also the physical properties of fluids. Table 1 The geometrical dimensions of the atomizers used in these experiments
Experimental
The schematic diagram of the experimental apparatus is shown in Fig. 1 . The sample liquid is supplied into a mixing chamber by a plunger pump, after passing through a filter and eliminating the pres- The atomization pressure, the pressure in ;he mixing chamber, is 1-6.0 Kg/cm2. The flow rate :>f liquid is varied from 33 to 180 kg/hr, the mass flow ratio of gas to liquid from 0.001 to 0.23.
The atomizers used in this work are made of icrylic resin for the purpose of observing the flow pattern inside the mixing chamber. The geometrical dimensions of the atomizers are shown in Table 1. I. Results and Analysis 2. 1 Pressure in a mixing chamber Figure 2 shows the relation between the pressure in ;he mixing chamber P± and the gas-liquid mass flow à"atio m, with the liquid flow rate as a parameter. It s obvious in the figure that Px increases with increas- Furthermore, as shown in Fig. 4 
The velocity of gas-liquid mixture at the throat is , (r-i)/r + 1
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And the acoustic velocity in a gas-liquid mixture at the throat is 4=i^( i y1+iy (4) pS2 \l+mj\ dj yJ
In the above equations, P2 is the pressure at the throat of an atomizer.
Equating Eq. (3) and Eq. (4) and substituting P2 by PC9the critical pressure Pc is determined as a function of Plm Actually, throat velocity depends on chamber pressure and should be divided into three categories. The pressure at the throat is determined according to the pressure condition and the critical pressure listed in Table 28 ).
The relations between Co and m are shown in with increasing D2 and seems to approach unity.
3) Empirical formulas of discharge coefficient: From the experimental results, the following empirical formulas of discharge coefficient were obtained with non-dimensional terms of gas-liquid mass ratio m, the ratio of throat diameter and that of mixing chamber D2/Dl9 Reynolds number of the mixture at the throat Re and the viscosity ratio of liquid to water jui/juw. 1) The liquid is an incompressible fluid.
2) The gas is an ideal gas with negligible viscosity and constant specific heat, and is insoluble in the liquid.
3) The mixture is "homogeneous" and uniformly distributed.
4) The flow is adiabatic and one-dimensional. 5) There is no slip velocity between gas and liquid phase.
6) The heat capacity of gas is negligible compared with that of liquid. Comparison of the observed values of Co to Eq. (5) or (6) shows good agreement, as shown in Fig. 7 .
From the evidence in the figure, the deviation of correlation is within about ±5% for Pc<\ Kg/cm2 and about ±10% for Pc^l Kg/cm2. -Cu WotheoryXCCA2 (7) where Cu and Cc are the velocity coefficient and the contraction coefficient of a compressible fluid respectively.
As shown in the scheme in Table 1 , the jet of a gas-liquid mixture forms a short core without contraction, not as in the case of the flow line after the orifice port in a pipe, and then diverges. From experimental observation of the mixture jet, it may be said that A2=A0 i.e., Cc=\.
Therefore, from Eqs. (1) and (7), Co--~Cu'~n~W U0 theory i°2
When
Pc<1 Kg/cm2 then p2=p0 and Co=Cu (8a) Pc^1 Kg/cm2 thenp2=pc and Co=Cu(p0/p2) (8b)
The discharge coefficient changes according to the critical pressure, which is determined as higher or lower than atmospheric pressure, in other words supersonic or subsonic velocity. In either case, it is evident that the discharge coefficient is a function of the velocity coefficient.
In this experimental work, i t was shown that Co^1 within the supersonic region and Co<1 within the subsonic region.
It is well known that the discharge coefficients of flow nozzles are usually greater than or equal to unity and those of orifice flowmeters are less than unity. Therefore, in this experiment, it can be considered that the flow of fluid through the port may be similar to that of flow nozzles within the supersonic region and to orifice flowmeters within the subsonic region.
2 Expansion factor
In this section the velocity of a mixture at the throat is limited to subsonic region. Therefore, Oo=On. Po=Pn. C,=l and C,,=Cn. Bv analosv with Eliminating Mlobs. and u2theory from Eqs. (9), (10) and (ll), expansion factor a is expressed as
As shown in Eq. (12), the expansion factor is related to the discharge coefficients defined in Eq. (1) and (9), i.e., Co and C, and is functional with P1 and m. Equation (12) shows the relation between Co, C and e.
If we know the orifice discharge coefficient C by experiment or by a chart and calculate Co by Eq. (5), the expansion factor maybe computed.
VOL. 12 NO. 2Conclusion 1) The gas-liquid mixture flow is treated as a compressible fluid. The acoustic velocity in the mixture should be considered for predicting the jet velocity from a nozzle.
2) The discharge coefficient of gas-liquid mixture flow nearly corresponds to the velocity coefficient of a compressible fluid through an orifice.
3) The empirical formulas for the discharge coefficient of a mixture jet through an orifice were obtained for the two cases of supersonic flow and subsonic flow. 4) The expansion factor of a free jet of two-phase mixture is deduced for subsonic flow. 
